Integrated Modelling of Cell Responses after Irradiation for DNA-Targeted Effects and Non-Targeted Effects
where
Here, p is the average number of domains per cell nucleus; f z (z n ) is the probability density of the specific 
Taking the limit of N to infinity and assuming that the number of LLs per nucleus follows the Poisson distribution in the same manner as the hit probability in the Linear-Quadratic (LQ) model (1), Eq. AI-8 is transformed as follows:
(SI-10)
As described in the manuscript, the Lea-Catcheside time factor F 1 is included in Eq. (SI-10). Relation between irradiation time T [h] and the time factor F characterizes the cell-specific dose-rate effects on dose-response curve and linearity of the curve in high-dose range. Figure S1 shows the examples of the time factor and dose-rate effects on cell survival curve.
Fig. S1. Model performance of dose-rate effects: (A) for the relationship between irradiation time T [h]
and the Lea-Catcheside time factor F in various cells of CHO, irs-20, V79-379A, T-47D, HSG, MT and HX3; (B) and (C) for dose-response curve for mammary carcinoma and human melanoma for various dose rates, respectively. The (a+c) values as SLD repair rate were taken from the previous reports 2-4 and fitting experimental data in this study. In Figs. S1(B) and S1(C), the DNA-targeted modelling in the present model was compared with the experimental data reported by Trevor et al 5 . The lines and symbols represent the results predicted by the model and experimental data, respectively.
II. Procedure of maximum likelihood method with a Monte Carlo technique
The response parameters for signals, DSB kinetics and cell survival in this manuscript were determined by a maximum likelihood method with a Monte Carlo technique. We used a following formula as a likelihood function.
where is the likelihood function , N is the number of experimental data,  is the standard deviation of experimental value, Exp stands for the experimental value and Mod for the value calculated by the model.
Based on Eq. (SI-11) and the algorithm illustrated in Fig. S2 , we determined the set of model parameters for describing cell responses of signal, DSB kinetics and cell survival. S2 . Algorithm of the maximum likelihood method used in this study. We assumed that experimental value follows normal distribution, and the likelihood was calculated by using the likelihood function by Eq. (SI-11). In this study, we set that the sampling number Ns is equal to 10 7 .
III. Evaluation of log of cell surviving fraction per dose by IMK model
As described in the results, we compared the log of cell survival 
IV. Similarities and differences compared to previous models
In the present model, the LQ relation is defined as an alternative function to the threshold-like expression or multi-targeted theory. Kundrát et al. modelled the mutation induction of bystander effects according to the Gompertz law 6 . Contrary to their study, in our study there is little discussion on the induction of mutation with the bystander effect. Nevertheless, assuming that the damage induction in non-hit cells is proportional to signal concentration, our model well reproduces the kinetic curves of signals and DSB number as shown in 
